open into this virtually land-locked sea in addition to more than thirty smaller rivers. The analysis has been completed with hydrological and meteorological data, thus integrating information from watersheds and the marine areas under their direct infl uence. Furthermore, we discuss whether fl ood events in the study area, as conditioned by riverine, oceanographic, and climatic factors, are increasing or decreasing in frequency and size as a consequence of climate change and human impact, an issue that deserves further study.
HYDROLOGIC SETTING
The present work focuses on the river basins, coasts, and continental shelves extending along the Gulf of Lions, the Catalan margin, and the Ebro sector ( Figure   1 ). All 34 signifi cant river systems in terms of basin size and discharge at the mouth have been considered, covering an overall area of nearly 230,000 km . Th e difference between the lighter water mass over the continental shelf and the denser water mass over the slope leads to the establishment of a geostrophic equilibrium that determines the direction followed by the LPC.
Ebro River at the beginning of the 20 th century is now retained behind its almost 200 dams (Guillen and Palanques, 1992; Ibañez et al., 1996) .
The study of river basins in the northwestern Mediterranean region must be placed into perspective as related to global trends in river discharge. Some authors (e.g., Milly et al., 2002) is cyclonic and of thermohaline origin (Font et al., 1988) . In the whole study area, oceanographic circulation is dominated by the Liguro-Provençal Current (LPC), which generally fl ows southwest along the coast. Movement of the LPC is determined by a geostrophic equilibrium established between two opposite forces:
(1) the force due to the pressure gradient existing between the lighter (less salty)
shelf waters and the denser water masses over the continental slope, and (2) Discharge was measured at the nearest gauging stations to the respective river mouth (that is, at Beaucaire for Rhone and at Tortosa for Ebro System). Th in black lines correspond to annual means, while thick colored lines represent fi ve-year running means. As observed in this fi gure, the Rhone and Ebro Rivers' liquid discharge is not directly related to the temperature change as recorded locally. Th e inset fi gure shows that, on occasion, Rhone River plumes reach the shelf edge and evolve toward the southwest. Th e four consecutive SeaWiFS images show chlorophyll concentration evolution on surface waters (red corresponds to maximum productivity waters). Th is sequence of images illustrates the generation (9/16/99), development (9/29/99), and spreading of the coastal plume led by the LPC and an anticyclonic gyre (10/6/99), which later moves toward the southeast (10/8/99).
Plume coalescence and gyre transfer in the North Catalan margin (Zone II)
South of Cape Creus, the LPC generally fl ows southwestward with maximum intensity over the shelf edge. River plumes usually expand at relatively short distance from the coast, and river-infl uenced waters accumulate near the sea- • Rhone and Ebro Rivers liquid discharge is not directly related to temperature trends. It cannot be concluded at what level global warming is infl uencing river discharge.
Circulation and particle dispersal
• Overall fl uvial particle dispersal in the study area is to the south-southwest because of the LPC fl ow. Mesoscale structures play a substantial role in redirecting suspended plumes.
• River plumes formed in southern
France can either stay in the coastal area or move toward the shelf edge.
In both cases, after the largest fl oods, they fl ow toward the southwest and enter the Catalan margin.
• With northwestern local winds, anticyclonic vortices form offshore Marseille, move toward the slope, and join the LPC southwestward, thus contributing to the spreading of sediment plumes generated in southern France.
• Plumes formed after fl ood events Figure 1 ) that feed a plume (P4) as noticeable as those of the Llobregat (P5, 23 in Figure 1 ) and Ebro (P6, 29 in Figure 1 ) Rivers. Th e Ebro plume on that date illustrates the infl uence of human regulation; river discharge was forced to go through the secondary channel of the delta. In the northern part, the controlling role of a mesoscale anticyclonic gyre southwards from the Creus Cape (A3) can be observed recirculating P4 seawards. Th e inset image of the Ebro Margin draws attention to a similar vortex northwards from the Ebro Delta (A4) that turns the LPC towards the slope.
along the North Catalan coast tend to coalesce in an almost continuous belt of turbid waters.
• The narrowness of the North Catalan continental shelf compared to the Gulf of Lions and the presence of some large submarine canyons reinforce the development of mesoscale structures coming from the north, which usually implies the redirecting of river plumes offshore.
• Along the Ebro Margin, the LPC is Figure 1 ) (P8) and the Llobregat Rivers (23 in Figure 1 ) (P9). Relatively low-density water coming from the Ebro System was quickly redirected southward; it accumulated south of the delta because it came into contact with an anticylonic vortex (A5).
